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Approximately 1% of European infants are born preterm with a very low birth weight (VLBW) of less than 1,500g and the first babies born at the threshold of viability who received modern neonatal intensive care are now adults. While most live healthy lives, average VLBW adults tend to have more neurodevelopmental disabilities, lower educational achievement and higher rates of chronic conditions (1) . Health-related quality of life (HRQoL) is defined as a construct of physical, mental and social wellbeing. Previous studies have suggested that differences and changes in quality of life and HRQoL between preterm and term groups are small, are not necessarily observed by self-reports and diminish over time (2, 3) . However, four longitudinal studies from 2015 and 2016 (4-7) challenged this view by showing constantly lower levels of HRQoL in adults born very or extremely preterm, before 32 weeks or 28 weeks of gestation, respectively, or with an extremely low birth weight of less than 1,000g. This even applied to adults who were not impaired (4, 6) . Although many of the outcomes of preterm birth differ by sex (8) or intrauterine growth (9), few studies have assessed whether those two factors also have an impact on HRQoL and that was the aim of our study. We assessed differences in overall HRQoL and in a 15-dimensional profile between adults born preterm and those born at term.
The Helsinki Study of Very Low Birth Weight Adults is a birth cohort of all 335 VLBW infants born in
1978-1985, who were treated at the only neonatal intensive care unit in Uusimaa, Finland. The controls are term-born infants who were not small for gestational age (SGA) and were groupmatched for sex, age and birth hospital. SGA status served as proxy for intrauterine growth restriction and was defined as a birth weight of less than -2 standard deviations (SD) for sex and age, as opposed to appropriate for gestational age (AGA). At 18 to 27 years of age, 166 VLBW adults, 65.1% of those invited, and 172 controls, 54.8% of those invited, were clinically examined.
The design and characteristics of the Helsinki Study have previously been described (10) . There were 21 VLBW participants with at least one neurosensory impairment (NSI): 14 had cerebral palsy, five had a developmental disorder and five had a severe visual impairment. 15D, which is a generic 15-dimensional, self-administered instrument that measures HRQoL (www.15d-instrument.net) was completed by 336/338 members of the cohort: 110 born AGA VLBW, 54 born SGA VLBW and 172 term-born controls.
Participants estimated their performance by scoring 15 health areas on an ordinal level of 1-5, for example one for normal hearing and five for total deafness (11) . The dimensions and valuations of the questionnaire were developed with feedback from healthcare staff and patients (11) . Up to three missing answers can be predicted using Sintonen's algorithm and this happened in three cases for one missing answer. One participant had four missing answers, so her score could not be calculated, leaving us with 335 questionnaires for the analysis. The 1-5 levels were transformed into 0.000-1.000 values to generate a 15-dimensional profile and then, with the use of preference weights, into a single aggregate 15D score, with higher values being better and lower being worse.
When the 15D score is compared between groups, the minimum important difference is ±0.015, provided that the difference is statistically significant. This score indicates slightly better or worse, while ±0.035 indicates much better or worse (12) .
We used the Mann-Whitney U test to compare the 15D scores, due to their non-normal distribution.
We also used linear regression, with the rank of the 15D score as the outcome, and this was adjusted for sex, gestational age group, parental education and NSI. It was also used to assess the interaction of sex.
The Helsinki University Central Hospital Ethics Committee for Gynaecology, Obstetrics, Pediatrics and Psychiatry approved the study and all participants provided written, informed consent.
The clinical characteristics of the cohort are shown in Table S1 and Table S2 displays the central 15D comparisons. We report the 15D score and the 15-dimensional profile for the following comparisons: men and women, the whole VLBW group and controls and the AGA VLBW, SGA VLBW and control groups ( Figure 1A ). We also compared the three groups by sex ( Figures 1B and   1C ).
On average, women reported a lower 15D score than men (∆0.034, p <0.001). In the profile, women reported significantly lower in all areas except mobility, hearing, eating, speech, usual activities and sexual activity (data not shown).
There was no difference in the total 15D score between the whole VLBW group and control group (0.930 versus 0.931, p = 0.85) and no significant differences in any of the profile dimensions. The 21 NSI participants did not have a significantly lower 15D score than the control group, but they did score lower on mobility, vision, sexual activities and eating (data not shown). Figure 1 shows the 15D scores and profiles based on relative birth weight. The SGA VLBW group reported a significantly lower 15D score than the AGA VLBW group (0.911 versus 0.939, ∆0.028, p = 0.039) ( Figure 1A) . The AGA VLBW group scored significantly lower on mobility and significantly higher on depression than the controls. The SGA VLBW group scored significantly lower than the controls on eating and significantly lower than the AGA VLBW group on mental functions, depression and vitality ( Figure 1A) . Figures 1B and 1C show the three groups of relative birth weight by sex. There was no significant difference in the 15D score among men, but AGA VLBW men scored significantly lower on mobility and higher on speech, mental functions and depression than the control men. The SGA VLBW men did not differ significantly from either group. The AGA VLBW women had similar scores as the control women in all dimensions, while the SGA VLBW women reported a significantly lower 15D score than both the control women (0.886 versus 0.922, ∆0.036, p = 0.018) and the AGA VLBW women (0.886 versus 0.923, ∆0.037, p = 0.025) ( Figure 1C ). In the profile, the SGA VLBW women reported significantly lower scores than the other two groups on eating, mental functions and depression. Furthermore, the SGA VLBW women reported significantly lower scores than the controls on speech and lower scores than the AGA VLBW women on excretion and vitality.
Our regression analysis showed that parental education and NSI were unrelated to the 15D score and adjusting for them had no effect on the results. The p values for sex interaction were 0.07 for the SGA VLBW versus control group and 0.28 for the AGA VLBW versus control group.
We found no significant differences in overall HRQoL between the whole VLBW group and controls. However, the HRQoL of the SGA VLBW group was significantly lower than the AGA VLBW group and this exceeded the minimum important difference. It seemed to be caused by two trends: the significantly lower HRQoL among SGA VLBW women and AGA VLBW men reporting higher scores in several dimensions.
Our findings could partly shed light on some of the discrepancies in previous studies that compared HRQoL between adults born preterm and term-born controls. Our subgroup analysis revealed sex-related differences between the groups that were consistent with previous findings.
We found that SGA VLBW women experienced poorer mental function and more depressive symptoms. More withdrawal, anxiety, depression and lower social competence has been reported among extremely preterm girls (13) and lower scores on scales for mental health, social functioning and emotional role has been found among term-born SGA participants (14). The lower mobility scores in our study were consistent with studies that have shown lower levels of physical functioning, especially among male subjects born preterm (15).
The strengths of this study were the well-described cohort of VLBW subjects and controls and the use of a feasible, reliable, valid and sensitive questionnaire (11) .
We have previously discussed the limitations of the Helsinki Study of Very Low Birth Weight Adults (10) . The NSI participants were unlikely to have been the cause of our main findings, because they reported lower scores that were, on the whole, different to the low scoring areas reported by the SGA women. The NSI participants were less likely to participate and this means that we may have overestimated the HRQoL in the VLBW population (11) . In order to minimise the participation bias, the NSI participants were not excluded from the study. Another possible limitation in interpretation was the absence of term SGA participants. It is possible that the poorer scores among SGA VLBW women might have been a cohort-specific characteristic (9) , although other studies have reported similar findings (13) . While our study had adequate power to compare overall HRQoL, comparisons of individual dimensions may have included chance findings and should be treated with caution.
The questionnaire had not previously been used to assess the HRQoL of subjects born preterm, so the results are not directly comparable with studies using other instruments.
It is encouraging that young adults born preterm reported similar overall HRQoL to term-born controls. Because neonatal care has evolved since the 1980s, our findings do not reveal the 
